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Design for a second-generation proton storage ring
at LAMPF

E. P. Colton
Los Alam- National Laboratory
Los Alamos, NM 87545

ABSTRACT: A conceptual d~sign is presented for a second-
generation proton storage ring complex at LAMPF. The facility
would consist of two stacked racetrack-shaped machines. These
machines would deliver a 1.2-mA beam of 1.6-GeV protons at
48 Hz, The pulse length would be 1.75 paec which represents a

time compression of S70.

1. Introduct”mri

There is some local interest for ● 1.6-GeV proton storage ring (PSR)
which will deliver nominally 2 MW of beam power at 48 Hz. Tlie design
for the present PSR is just 80 kW ao the improvement is a factor of
*25. The 1.6-GeV kinetic energy would be obtained from an add-on
linac to LA,MPF, The dux requirement is 1,5 x 1014 ppp at 48 Hz;
the beam would be sent alternately to neutron production, and neut rino
production experiments, respectively. These facilities would each operate
at 24 Hz.

This request can be met by using two stuked ringa which are retipectively
fed with two succeuive LAMPF macropulses. Each ring would store 7.5
x 10ia protons. Thus, 96 of the 120 LAMPF macronulseo normally
available in 1 MC would be devoted to them ●rids. Additionally, the
present H- source would have to be upgraded by a factor of two. Protons
would be fast extracted in a siagle turn from each ring and sent to the
experiments i~, box-car fashion. The pulM length would be 1.75 paec,
so the time compression is ● factor of *570. There are two constraints
which must be met: (1) The slow Iouea which occur in the Loo AlamcM
Proton Storage Ring (PSR) cumot take place in three rings,’ (2) It

is necessary to utore beam in one of thti rings for up to 8 maw, ao



the rings must be stable against coherent instability. In view of these
requirements, it appears to ‘me that certain steps have to be taken-they
are spelled out below.

1.

2.

3.

4.

5.

6.

.1,

8.

9.

10.

The injection must be direct H- to H+ in a st ripping foil instead of
the twmstep process used in the PSR. The stripping magnet intro-
duces extra beam divergence in the bend plane. The lack of control
over the neutral beam is another negative aspect.

The injected H- beam should be matched to the machine in 6-D
phase space. We nd to limit the injected alp/p, and to stabilize
the position of the beam at the foil in z-z’ and y-y’ phaae space.

We need to choose an aperture Imge enough to contain the tails of
the beam to the 99.9% level, Collimation schemes have to effectively
restrict 10WWto the 1(NInA level locally. Mainly, we are looking
to absorb protons scattered out of the normal acceptance by large-
angle scatters in the stripping foil.

Effective Ho and H- dumps should be provided to remove partially
stripped or unstrapped particles.

Efforts should be made to reduce the number of foil traversals for
circulating protons. These include beam bumping, transverse paint-
ing, x-y mixing by means of skew quadruples, etc. The foil should
be positioned at a beam waist with small $“.

The machines should have long straight sections for injection, ex-
traction and rf cavities,

We need to maintain a clean kicker gap for Iomieas extraction.

The maximum transverse spac~charge tune shift -dQw should not
exceed 0.15. This requirement stipulate the beam core emittance.

With regard to coherent instabilitiaa, we should endeavor to reduce
the peak currents seen in the PSR, M weU as maintain a significant
alp/p width; this may be difficult to achieve with conventional rf
syutems. We really need to make a nmooth vacuum chamber with
gradual transitions.

Sextupoie magnets should be included for chromaticity control, but
their use should not reduce the ring admittance to beiow 1000 mm-
mr.



The machine requirements have been met in a first-order design which is
the subject of the remainder of this report. The design layout is showc
in Fig. 1. The shape is that of a near racetrack. The four bend sections
are 90° bend achromats. The two short straight sections each contain
fast extraction systems. The rf cavity is located in a dispersion free zone.
The long strtight section containing the injection area includes a special
injection chicane, the stripping foil, an H-/Ho dump, two orbit bumpers,
and two halo collimators. .U of these are discussed below,

1.6 ~oV Compressor
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C2 cl to H- H“dump l+”

Clrcumterence 26577 m

Fig. 1. Plan view layout of tha new compressor rings,

Table I lists the par~eters for the designed machinea. The revolution
frequency is 1.048 M Hz, so the revolution time is %54 nsec. The pulses
from the two rings will bc extracted sequentially and sent in box-car
fashion to the experimental areas. Allowing for a kicker gap of about
1.50 nsec, we would expect a final deliverd pulse length of 175(I riser
(Hoo + 150 + NoO).



Kinetic Energy 1.6 GeV

Average Current Delivered 1.2 mA

Repetitmn Rate 48 Hz

(24 to produce spallation neutrons)

(24 to produce neutrinos)

Circumference 265.77 m

Protons per Pulse is x 1014
Number of Rings/ Superperiods 2/2

Circulating Current/Ring 12.6 A

Revolution Frequency 1.048 MHz

Number of Turns Injected 1048

Betatron Tunes Q-, Qv 5.23, 4,23

Chroww!icity Q~, (jj -7.32, -6.76

Trwwition Gamma ~t 8.19

In Section 2, I discuss the lattice design. In Section 3, I explain the IS-ME
chanics of beam tranefers. Colliznatia is briefly discussed in Section 4.

The rfsystem is trmted in Section 5. The subject of coherent instabilities
is treated in Section 6. Concluding remarks sre given in Section 7.

2. Lattice Dosigm

Tlw machine lattice hnctions scrom hslf the machine are depicted in

Fig. 2(s); the maximum dispersion is 5.1 m in the center of aa schromat.

The & is 3.0 m ●t the stripping foil Iocstion. The beam halfwidthe are
shown izI Fig. 2(b). Thece sises were calculated using the expressions

~=fi+ 7.* and ~=& (2.1) and (2.2)
P

with t= = Cv = 100 msn-mz and alp/p = +0.003. Thew vduee wsre
obtained from ● study of the iqjectioa process. The maximum mrticsl
beam sise in the dipoles is of order ●S6 mm The betatroa tunes for
the whole machime are Q. = 5.23 snd Qv = 4.23. The uncorrected &
maticities dQm/dp/p = --7.32 and dQM/dp/p = -6.76. The transition

tf~ 7, = 8.19s0 q = ?;’ –y-’ = -0.1217.
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3. Beam Transfera

The ring injection takes place via the process H- - H+ in a 250-pg/cm2

carbon stripping foil. A plan view of the injection region is shown In
Fig. 3; the four dipoles in the cente~ translate the proton beam 171.5 mm
to beam left of center at the stripping foil location (call this the center).
The two fast orbit bumpers are separated @ 180° in horizontal betatron
phase-they serve to further displace the translated proton beam at the
foil. The bump starts out at 20 mm left of center and reduces to 10 mm
during the l-tmec injection period (this time correspmds to 1050 turns).
.+fter the injection the bumps are rapidly reduced to zero. Referring to
Fig. 3, the H- are injected into the second dipole and are nominally
placed at 25 mm beam left of center, and on axis vertically.

Em

Fig. 3. Plan vi- of tlw H - injection region.

Figure 4 shows ● cloeeup plan view of the circulating proton and injected
H- beams in the region of the four dipole ctic=e. L!nstripped H- or
partially stripped Ho wi.1.lexit the third dipole displaced to the outside
of the proton beu; they will paM through another stripping foil, ao sa

to convert to protons, md then be conducted away to a dump.
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fig. 4. Circulating praton and injected H- beam ●nvelopes within the four-
dipole injection chicane. The proton beam gaornetric wnittance is 100 mm

mr. The H- injected ●mittance u d ordcw 2-3 mm-rnr.

Peun is extracted from each ring in ● ungte turn and sent in bax-car
fashion to the experimental t~ts. Tixtewi*, first one ring is Mled

in 1 meet and the second ring is filled 1/120 sec later. They are fast
ext ratted together (separated by one revolution time). Theee proceaaea



are repeated 48 times per sec. A plan view layout of the extraction
section is shown in Fig. 5. A 3.3-m ferrite kicker displaces the protons
into the field region of a 1.5-m d.c. septum magnet from which they are
conducted to the appropriate experimental area. Referring to Fig. 1,
beam is extracted on alternate pulses from the twu extraction sections
and sent to the respective experimental targets at 24 Hz.

EXTRACTIONSTRAIGHTSECTION

Pr0t0rr8

n
I

%ptum Kicker

Fig. 5. P18n vkw of extmctioa ztraight section.

The horizontal beam envdopa in the extractica straightzection are
shown in Fig. 6; both the circulating aad extrrwtion envdopa are shown
for an emittance of 100 mxn-mr.

4. CdRrnatkt

The injection foil is pmitioned ofbet to the outaide of the machine to
reduce the number of repeated proton trwersaln. These travemais cause
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Fig. 6. Circulating ●nd extracted proton barn envelope in the extinction

rection. The emittwwe is 100 mm-mr.

the rms truuverse emi:tance to grow by an amount @“8z~JV(t)/2 where
o“ isthebeta fitnction atthefoil, @istherme scattering angle fora
single traversal, and ~N (t ) is the numkr of foil traversable in fV turns up
to time t. To minimbe the emittanee gnmth we deeigned for ~“ = 3.0 m
●t the foil and we try to reduce the probability for ● travereal (~) by
loctiing the fd edge cloee to the i@Bcted H- beam spot. In fact, rme
emittance growth due to foil scatteringieonly ● few percent.

CMmare concern are the large augle ecattere due to nuclear or single
coulomb scdtering in the thin stripping foil. The Iargeet ugle we can
reasonably expect to contain i- about 2 mr. The probability y for even



larger scatters is *7 X 10-6. If we roughl) take 25 traversals for the
average proton, then we would expect for 600 PA

10SS= 600 x 10-8 x 25 x 7 x 10-6 = 105 nA . (4.1)

This loss would activate each machine downstream of the foii. We plan to
quickly absorb these large angle scatters in the downstream collimators
Cl and C2 (see Fig. 1). The collimators are strategically placed 90° and
180° in betatrcm phase downstream of the stripping foil, respectively.
Some adjustment to the actual design would be necessary since an Q:bit
bump magnet is coincident with Cl.

5. Rf System

The function of the rf system is to (i) maintain a longitudinal gap in
the beam for loardess extraction and (ii) to produce enough relative mo-
mentum spread to keep the circulating protons coherently stable. The
average circulating current is 12.6 amperes in each ring at full intensity.
With a fundamental rf system, bunching will occur and the peak cur-
rents can be expected to rise to over 40 amperes; this will surely result
in coherent instability and beam loss. For these rings I suggest uae of
the rf waveform shown in Fig. 7. The rf voltage is composed of the
fundamental piub four harmonics

5

V(4) = V~ ~ Vi sin(i#) (5.1)
:=1

with the indicated values for V,. The voltages on the end act like repulsive
barriers to the beam, hence the name barrier bucket. This waveform
should maintain a gap in the beam. However, little or no increww in the
alp/p occurs. We obtain larger alp/p values by just sweeping the energy
of the injected beam in the last linac module. This sweeping is done
sinusoidally with two oscillations over the 1 msec injection period.

A simulation has been performed in order to demonstrate the viability
of the method. Beam wu injected uniformly in rf phase # for Iol S 2.4
radians-this corresponds to populating -U146 microbunches of the 192
possible. The alp/p were generated in a Gaussian faahion with aP/p =
0.05%. During injection, the centrsl value of the alp/p varied sin~soidally
with tui~ number t aa 0.002 sin (2Tt/525) (in absolute units). The rf
voltage of the fundamental V. ● VI = 3.5 kV, so the peak voltage of the



waveform shown in Fig. 7 was 16,9 kV. The projections of ~ and dP/P
are given in Figs, 8(a) and 8(b)t respectively. The gap is maintained in
Fig. 8 and the rms @width is unchanged from the inj~-cted value. The
FWHM of the alp/p distribution is of order 0.5%.

Harmonic 3 Barrier Bucket

V , =0.2067
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Fig. 7. Proposed rf waveform. Tho voltage is given by Eq, (5.1),
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The required rf voltages are relatively modest at the fundamental and its
four higher harmonica. Perhaps two cavities will be required. The design
can be similar to the PSR cavity with its very low R/Q, so beam loading
should not be a problem. The effects of longitudinal space chargu will be
to decrease the action of the r-fcavity, i.e., to fd.1in the extraction gap.
Increwwd rf voltage is necessary to compensate this effect.

6. Beam Stability

The space-charge tune shift is given by

(6.1)

where GV is a fbrm factor depending upon th~ z-v spatial distribution,
cN is the normalized vertical emittance which co~tains 87% of thh beam,
and iV is the number of circulating protons. The remaining term is
apprcuc.imated by

Fp 1.02

BL3ya
- — + 0.045.L3

B/37s
(6.2)

where B is the bunching factor, $ = pc/E, and y = E/mod.

We pessimistically taka G& = 2 corresponding to * 2D Gauesian dis-
tribution. Next, CFJ is given by CV07 and we us@SW= 40 mm-w u

determined in the injection simulation. I aseume N = 7.5 x 1013 aud
a bunching factor B = 0.65. With theee choicas the space-charge tune
shift is computed to be ~AQtil = 0.0$8.

The major coupling impedanca are imaginary and due to space char~.
They are

-=:a(’+zn:)

Zt
n

(6.3)

where 20 is tho impedanco of freu opaco, ~ = 377 ohms, md b/a is the
ratio of beun pipe to beam radius b/o ~ 2.67, We obtain Zr/n = IFt2fl.
The tramvarue

()iR~ 1
zk=~ ~–; = 12,4 x 10’ fl/m , (6.4)



I ch= a = 0.03 m and b = 0.08 m. The
I = 12.6 amperes and the peak ~ = 19.4
contemplated.

The test for longitudinal stability

average circuiting current
amperes for the rf system

(&5)

where q = yt-~ -7-2 = -0.1218.

[ find (dp/p)FwHM 2 0.24%, This is easily satisfied by our beam with
(dp/P)FwHM * 0.5% so the beam will be longitudinally stable.

The teat for tramweree stability

[

flE @! (n - ~uht alp/p
1211s47 ~ 1()%!4!! (6.6)

p FWHM

retmltu m

[ZLI <0.2395 x l~[(n - 4.23)x 0.12+ 6.75]

If we UM IZL[ = 2.4 x l& Cl/m, then we find the machifi~ is stable for
n >31 or frequencies ~ > 32.5 MHz. Beiow this frequency the machine
‘s unstable with ● growth rate given by

1
- ~(ReZL) = 2.8X 10-l Re(ZA) =C-l .

-- 4~QvEr

For r >500 psac we need Re( 2A ) < 71 kfl/m. This requirement may
be diflicult to meet. However, th. beam can be stabilized by simply
increasing the chromaticity dQv/(dp/p) to -10 from it- nominal value
of -6,75.

7. ConcJu9&n

These high-iuteaaity macbinee do look femibie. It’ constructed, they
would supply 12 tima more barn power for produt ing opallation neu-
tront than th. PSR desip, A number of subjects still need to be ad-

dreued: collimator calculation, tracking, optimization, and a cost esti-
mate.
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